Thirty three patients with definite ankylosing spondylitis (AS) were examined to establish the relation between restriction of chest expansion, limitation of lung function, and working capacity or exercise tolerance. As in previous studies there was a significant association between chest expansion and lung vital capacity. There was also a significant association between vital capacity and exercise tolerance as measured by a subject's maximum oxygen capacity (Vo2max). Both vital capacity and Vo2max were expressed as a percentage of predicted normal values using patients' height before disease. In this study chest expansion did not have a significant effect on exercise tolerance. The results suggested that patients who took a modest amount of exercise regularly could maintain a satisfactory work capacity despite very restricted spinal and chest wail mobility.
Ankylosing spondylitis (AS) is a condition characterised by inflammation of ligamentous insertions or entheses and joints, especially of the axial skeleton. Bony ankylosis may occur in the numerous joints around the thorax, resulting in limited movement of the chest wall. A chest expansion of less than 2-5 cm is one of the clinical factors in the New York criteria for AS,1 though it has been suggested that such a rigid borderline between normal and abnormal is not supported by clinical studies.2 3 The typical respiratory function abnormalities in AS are those of a restrictive defect. Studies by Feltelius have shown an association between the limitation of chest expansion and restriction of vital capacity. 4 Reports have been made of abnormalities in skeletal muscle and cardiac function in patients with AS (P A Revell et al, British Society for Rheumatology meeting, 1987). Apical pulmonary fibrosis is also associated with AS, though the prevalence is low.6 7 Patients with AS rarely complain ofrespiratory symptoms or functional impairment unless there is coexistent cardiovascular or respiratory disease. For most patients the pain, stiffness, and fatigue associated with the disease is the most limiting factor. This study undertook to evaluate whether restriction of chest expansion affected vital capacity and exercise tolerance of patients with AS.
Patients and methods
Patients with definite AS according to New York criteria were identified and invited to participate in the study. Exclusion criteria included coexistent cardiac or respiratory disease, treatment with ,B blocking agents, or the presence of such severe arthritis in the legs as to make it impossible to exercise on a bicycle. Those patients fulfilling the criteria and giving informed consent were entered into the study. Patients were all examined between 9 10 No attempts were made to measure lateral flexion of the spine.
PULMONARY FUNCTION TESTS
The following pulmonary function tests were performed: peak expiratory flow rate; dynamic spirometry (forced expiratory volume in one second (FEV1), forced vital capacity (FVC), FEV1/FVC (%)); transfer factor of the lung for carbon monoxide; static spirometry (vital capacity, residual volume, total lung capacity, and functional residual capacity) performed using the helium rebreathing method.
Predicted normal values were obtained for all the above tests using the patient's height before disease where this was reliably known. Arm span measurement was not found to be a useful predictor of height before disease.11 EXERCISE 
TESTS
The measurement of a subject's maximum oxygen consumption during a minute of work or exercise sustained at the maximum tolerated level is recognised as the value of the maximum exercise tolerance (Vo2max). In this study exercise testing was performed on an electronically braked bicycle ergometer.'2 The bicycle saddle was adjusted for the patient's height. A nose clip was applied and the patient allowed to breath through a mouth piece. The mouth piece has a valve system to allow inspired air to enter and expired air to be expelled through separate channels. The expired air passes to a mixing chamber where a small pump extracts gas, dries it, and feeds it to oxygen A full blood count and erythrocyte sedimentation rate (ESR) was obtained.
FORMULAE AND STATISTICAL METHODS
Maximum predicted heart rate (HRmax) was calculated using the formula'4:
HRmax=202 -(agexO-72) beats/minute Maximum predicted exercise tolerance was calculated from the formula described by Jones et al,4 taking into account the patient's age, sex, and height:
where height is in cm and age in years.
Correlation coefficients for parametric data were obtained in comparisons of the results from clinical, lung function, and exercise tests.
Student's t test was used to determine the significance level between the group with AS and normal reference values for pulmonary function tests. This test was also used to compare the mean values obtained for chest expansion, vital capacity, and exercise tolerance in smokers and non-smokers and in patients classed as sedentary or exercisers.
Results
Forty one patients were seen and examined. Eight had to be excluded from the study: three did not fulfil New York criteria for AS, two had severe coexistent respiratory disease, one was receiving ,B blockers for hypertension, and two patients were unable to exercise owing to severe hip and knee disease.
Thirty three patients (28 men, five women) entered the study. Ages ranged from 26 to 74 years (mean (SD) 46-8 (10-9) ). Disease duration ranged from 8 to 42 years (mean (SD) 20-1 (8 6)). Two patients had juvenile onset of the disease and seven had received radiotherapy treatment. All patients were HLA-B27 positive, 12 (36%) had had iritis, and 20 (61%) had some disease of peripheral joints.
Most patients 22 (67%) smoked, four (12%) were ex-smokers, and seven (21%) were nonsmokers. Sixteen patients were judged to take a modest amount of exercise-for example, walking or cycling over three miles each day or playing golf, squash, tennis, or swimming three or more times each week. Seventeen patients were assessed to lead sedentary occupations and to take no regular exercise. None of the group complained of any respiratory features during exercise. Table 2 shows the ranges and means for all Patients who took regular exercise were compared with the group who were judged to take minimal exercise. Table 6 shows the results from each group. No significant difference was found between the two groups for age or chest expansion (0 1<p<0 5). There were equal numbers of smokers in the two subgroups. A significant difference between the groups was 
Discussion
Rigidity of the thorax occurs in ankylosing spondylitis with bony ankylosis of the thoracic vertebrae, costovertebral, costotransverse, sternoclavicular, and sternomanubrial joints. Progressive kyphosis adds deformity to the rigidity of the thorax. As the disease progresses movements of the thoracic cage diminish until, in severe cases, respiration becomes entirely diaphragmatic. Previous studies on large numbers (>2000) of patients with AS showed no predisposition to pulmonary disease apart from apical fibrosis, which occurs rarely with a prevalence of about 1%.6 7 Regional lung ventilation in patients with AS is normal unless there is pre-existing apical fibrosis.'5 Respiratory function in AS shows typical restrictive changes, but pulmonary compliance, diffusion capacity, and arterial blood gases are normal. 16 Recent work has suggested mild disease of the lung parenchyma and small airways in AS. 4 Patients with AS rarely develop respiratory failure or complain of dyspnoea, but the effect of the restrictive lung disease has received little attention. Hart et al measured pulmonary function before and after exercise and reported improvements in many of their patients.'7 18 Jossenhans studied 222 patients with AS before and after physiotherapy and found that spirometry remained unchanged despite improvements in chest wall and spinal mobility.
Electromyography recordings from the diaphragmatic and intercostal muscles of patients with AS and chronic obstructive airways disease are reported to show inspiratory muscle fatigue during exercise. 20 The study reported here on a group of patients with AS confirms previous reports of an association between the restriction of chest expansion and vital capacity. There was also a significant correlation between vital capacity and exercise tolerance (Vo2max), but not between chest expansion and exercise tolerance. These results did not change when various subgroups were assessed separately-for example, smokers and non-smokers, those with chest expansion greater or less than 2-5 cm, active and sedentary patients, or patients who achieved more or less than 75% of their predicted maximum heart rate during exercise. When the patients with AS were subdivided into active and sedentary groups, however, there were significant differences in the group means for exercise tolerance, with the active group achieving a higher Vo2max than the sedentary group (p<0001). There was a less marked but significant difference in mean values for vital capacity (p<002), but chest expansion was similar in the two groups (p<O 5).
A comparison of smokers and non-smokers (including ex-smokers) showed no significant difference between them for mean values of chest expansion, vital capacity, or exercise tolerance. Similarly, other pulmonary function tests, including peak flow rates, FEVI/FVC ratio, and transfer factor, showed no significant difference between smokers and non-smokers.
There are many problems in trying to assess a person's exercise tolerance. Firstly, there is the unfamiliarity with the form of exercise using a bicycle ergometer. It may be expected that people cycling regularly would perform better. In this study only three of the 33 patients cycled regularly.
Secondly, there is the problem of patient 'motivation' as some patients will push themselves closer to their maximum working capacity than others. More practice on the ergometer and testing on more than one occasion might have helped some patients to improve their recorded Vo2max but would have introduced a training effect. Some of these problems might have been avoided with the use of controls but it would have been essential to control the sex, height, weight, smoking history, and amount of sport or exercise taken.
In view of these difficulties we felt justified in comparing a patient's results for pulmonary function tests and exercise tolerance with predicted normal values.
The third major problem was the high proportion (67%) of cigarette smokers in the group-. A survey of 3333 people aged 16 to 65, randomly selected from the Southampton district, found that 28% of the group smoked (J Howell, unpublished data). The proportion of men in the survey population was 52-4% and in the group of smokers 54-5%. An earlier survey (1984) found that 38% of 2000 adults in the same district smoked. 23 In a large study of all patients with definite AS (n= 150) in the Southampton district 52% are smokers (B L Kidd, unpublished data). It is interesting to note the higher number of smokers (67%) among our group of patients with AS. Why such a disproportionately large number of smokers entered this study and whether this seriously affected the results is not known. These results suggest that although restriction of chest expansion may result in reduction of vital capacity, it is not a major factor determining exercise tolerance. In this study there were examples of patients taking a moderate amount of daily exercise who were able to achieve a Vo2max close to their predicted normal despite having very restricted chest expansion.
Conclusion
This study showed that in a group of patients with AS there is an association between chest expansion and vital capacity, and between vital capacity and exercise tolerance. It failed to show an association between chest expansion and exercise tolerance. Many patients with very restricted chest wall movements were able to obtain satisfactory work capacities.
The results suggest that efforts should be directed not only towards improving spinal mobility but also towards increasing cardiorespiratory fitness in patients with AS. Counselling and encouragement for patients with AS to take more regular exercise and to participate in sporting activities should be given greater emphasis.
Although this study failed to show any significant difference in pulmonary function tests between smokers and non-smokers, it would seem prudent to encourage patients with AS to stop smoking in view of the theoretical risk of compounding a restrictive with an obstructive pulmonary defect, as well as the other known health hazards ofcigarette smoking.
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